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ABSTRACT 

This memorandum describes the functions and 
activities of ground-based flight control during manned 
space flight missions. The memorandum contains an intro- 
duction to the concept of flight control and a brief review 
of its evolution, a description of the decision logic used, 
flight control functions and activities during a nominal 
mission, and a review of flight control actions during 
past missions through Apollo 5 when non-nominal conditions 
were encountered. 

It is concluded that need for a significant amount 
of ground-based flight control will continue to exist because 
of the research and development nature of manned space flight 
missions and the limitations of both space vehicle instrumen- 
tation and crew work load. 
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1.0 

MEMORANDUM FOR FILE 

I n t r o d u c t i o n  

T h i s  memorandum d e s c r i b e s  t h e  f u n c t i o n s  and a c t i v i t i e s  
of ground-based f l i g h t  c o n t r o l  d u r i n g  manned s p a c e f l i g h t  mi s s ions ,  
and reviews f l i g h t  c o n t r o l  p a r t i c i p a t i o n  i n  t h e  handl ing  of non- 
nominal f l i g h t  cond i t ions  which have occurred  du r ing  p a s t  mi s s ions .  

The f i r s t  s e c t i o n  o f  t h i s  memorandum p r e s e n t s  t h e  
concept of f l i g h t  c o n t r o l ,  b r i e f l y  reviews i t s  e v o l u t i o n ,  and 
d e s c r i b e s  t h e  f l i g h t  c o n t r o l  f u n c t i o n  and t h e  ground suppor t  
s y s t e m s  used i n  i t s  implementation. The second s e c t i o n  des- 
c r l b e s  f l i g h t  c o n t r o l  d e c i s i o n  l o g i c .  The t h i r d  s e c t i o n  des- 
c r i b e s  f l i g h t  c o n t r o l  a c t i v i t i e s  du r ing  t h e  nominal miss ion .  
The f o u r t h  s e c t i o n  i s  a review of a c t i o n s  t aken  by f l i g h t  
c o n t r o l l e r s  t o  handle  non-nominal c o n d i t i o n s  du r ing  p a s t  mi s s ions .  
T h e  l a s t  s e c t i o n  i s  a summary. 

2 . 0  Desc r ip t ion  of F l i g h t  Control  

F l i g h t  c o n t r o l  i s  de f ined  i n  t h i s  memorandum as 
t h e  real-t ime moni tor ing ,  eva lua t ion ,  and d i r e c t i o n  of miss ion  
progress dur ing  t h e  f l i g h t  phase.  F l i g h t  c o n t r o l  i s  i n s t i t u t e d  
and e x e r c i s e d  t o  d i r e c t  f l i g h t  p r o g r e s s  towards t h e  achievement 
of  predetermined miss ion  o b j e c t i v e s .  At t h e  beginning of t h e  
manned space  f l i g h t  program, i t  was recognized t h a t  ground- 
based c o n t r o l  of f l i g h t s  would b e  necessary  i n  a major degree 
because of t h e  u n c e r t a i n t i e s  of  space  f l i g h t ,  p a r t i c u l a r l y  
w i t h  r e g a r d  t o  man's a b i l i t y  to s u r v i v e  ane f u n c t i o n  i n  space.  
The  e a r l y  f l i g h t s  of t h e  Mercury P r o j e c t  demonstrated t h a t  man 
was capable  of s u r v i v i n g  and o f  f u n c t i o n i n g  e f f e c t i v e l y  i n  space.  
Once t h i s  c a p a b i l i t y  was shown, t h e  o b j e c t i v e s  s e t  f o r  succeeding 
f l i g h t s  became more s o p h i s t i c a t e d  and more demanding on t h e  space 
v e h i c l e  and crew. L imi t a t ions  of space v e h i c l e  s y s t e m s  prec luded  
t h e  on-board s a t i s f a c t i o n  of a l l  nominal and cont ingency m i s -  
s i o n  r equ i r emen t s ; a i so ,  t n e  workload imposed on t h e  crew w a s  
found t o  b e  excess ive .  Thus, as t h e  Manned Space F l i g h t  Program 
p rogres sed ,  t h e  need f o r  ground-based suppor t  was i n c r e a s e d  r a t h e r  
t h a n  diminished.  
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All of the manned space f l i g h t  miss ions  t o  da te  have 
been of a r e s e a r c h  and development n a t u r e .  Each has had the  
purpose of achiev ing  s p e c i f i c  f l i g h t  o b j e c t i v e s .  Although the 
crew has been accorded a g r e a t e r  degree  of freedom i n  conduct- 
i n g  f l i g h t  o p e r a t i o n s ,  these o p e r a t i o n s  had t o  be performed 
wi th in  a s p e c i f i e d  miss ion  framework t o  i n s u r e  the  achievement 
of  t h e  f l i g h t  o b j e c t i v e s .  One o f  t he  f u n c t i o n s  of  ground-based 
f l i g h t  c o n t r o l  i s  t o  monitor  the a c t i o n s  of t he  crew and t o  
provide  back-up and support  t o  permi t  t h e  crew t o  perform i t s  
necessary  o p e r a t i o n s .  Should some mal func t ion  or non-nominal 
cond i t ion  occur  dur ing  t h e  f l i g h t  which would prevent  t h e  
achievement of some o r  a l l  of t h e  planned mission o b j e c t i v e s ,  
f l i g h t  c o n t r o l  d i r e c t s  t h e  use of  pre-planned a l t e r n a t i v e  
a c t i o n s  designed t o  sa lvage  as many of t he  i n i t i a l  mi s s ion  
o b j e c t i v e s  as feasible .  For t h o s e  cases  where pre-planned 
a l t e r n a t i v e  o p e r a t i o n s  a r e  not s u f f i c i e n t  t o  compensate f o r  
t h e  cond i t ions  encountered, f l i g h t  c o n t r o l  gene ra t e s  new 
a c t i v i t i e s  or modif ies  m i s s i o n  o b j e c t i v e s  t o  t hose  which can 
be achieved under t h e  e x i s t i n g  c o n d i t i o n s .  I f  c o n d i t i o n s  v io-  
l a t e  miss ion  safety l i m i t s ,  f l i g h t  c o n t r o l  can r e q u e s t  t h e  
crew t o  t e rmina te  the  mission.  I f  there  i s  no c o n t a c t  
between f l i g h t  c o n t r o l  and the  crew a t  t h a t  t i m e ,  t h e  crew 
can t e rmina te  t he  miss ion  should cond i t ions  warrant  such a c t i o n .  

Although t h e  emphasis i n  t h i s  memorandum i s  on 
ground-based f l i g h t  c o n t r o l  a c t i v i t i e s  as performed dur ing  
t h e  f l i g h t  phase of' a mission,  f l i g h t  c o n t r o l  a l s o  c o n t r i b u t e s  
h e a v i l y  t o  o t h e r  phases  of the  miss ion .  During t h e  p r e - f l i g h t  
phase,  f l i g h t  c o n t r o l  i s  a c t i v e  i n  t h e  mission des ign  and formu- 
l a t i o n  of o b j e c t i v e s .  Necessary documentation such as t h e  
miss ion  r u l e s  ( o u t l i n e  of  pre-planned a c t i o n s  t o  ass i s t  i n  
making real-time d e c i s i o n s  dur ing  pre-launch, f l i g h t ,  and 
recovery  phases) and the  f l i g h t  p l a n  ( t i m e l i n e  sequence of 
nominal miss ion  even t s  and a c t i v i t i e s )  are genera ted  by both  
t h e  crew and f l i g h t  c o n t r o l  during the  p r e - f l i g h t  phase. During 
t h e  p o s t - f l i g h t  phase, f l i g h t  c o n t r o l  i s  a c t i v e  i n  t h e  a n a l y s i s  
of mi s s ion  r e s u l t s  and eva lua t ion  of t h e  r u l e s  and procedures  
used f o r  tha t  miss ion .  This a c t i v i t y  i s  of p a r t i c u l a r  impor- 
t a n c e  i n  the  p lanning  of subsequent miss ions .  

The Ground Operat ional  Support System ( G O S S )  p rovides  
f l i g h t  c o n t r o l  w i t h  t h e  f a c i l i t i e s  necessary  t o  monitor  and 
d i r e c t  miss ion  p rogres s  during t h e  f l i g h t .  These suppor t  s y s t e m s  
i n c l u d e :  

a .  Manned Space F l i g h t  Network (MSFN) - The MSFN 
c o n s i s t s  of a wor ld -wide  complex of communica- 
t i o n  and t r a c k i n g  s t a t i o n s  which permit  con tac t  
between t h e  space v e h i c l e  and E a r t h .  The MSFN 
i n c l u d e s  ground-based s t a t i o n s ,  s h i p  s t a t i o n s ,  
and a i r b o r n e  s t a t i o n s .  



'. . . a. . . 
I 

Bellcomm, Inc. -3- 

b.  

C .  

d. 

e. 

f .  

Mission Cont ro l  Center (MCC) - F l i g h t  c o n t r o l  i s  
e f f e c t e d  from t h e  MCC.  The MCC p rov ides  d a t a  
p rocess ing ,  d i s p l a y ,  and communications f a c i l i t i e s  
f o r  t h e  f l i g h t  c o n t r o l  personnel .  F l i g h t  o p e r a t i o n s  
are d i r e c t e d  from a Mission Opera t ions  Con t ro l  Room 
(MOCR). Support  f o r  t h e  primary f l i g h t  c o n t r o l  
pe r sonne l  i n  the  MOCR i s  provided by a d d i t i o n a l  
pe r sonne l  i n  S t a f f  Support Rooms (SSRfs) a d j a c e n t  
t o  t he  MOCR. 

Launch Complex - The launch complex c o n s i s t s  of pre-  
launch checkout f a c i l i t i e s ,  space v e h i c l e  mating and 
s e r v i c i n g  f a c i l i t i e s ,  launching pads ,  c o n t r o l  rooms, and 
r e l a t e d  i n s t r u m e n t a t i o n  and communications. 

Point-to-Point Ground Communications - A p o r t i o n  ' 

of t h e  world-wide NASA Communications System (NASCOM) 
suppor t s  manned space f l i g h t s  by p rov id ing  poin t - to-  
p o i n t  ground communications between t h e  MSFN s t a t i o n s  
and t h e  MCC. The Godard Space F l i g h t  Center  (GSFC) 
o p e r a t e s  NASCOM and p rov ides  vo ice  and d a t a  switch-  
i n g  between t h e  MCC and MSFN. During p re l aunch  and 
launch,  a s e p a r a t e  launch d a t a  system i s  provided 
between t h e  MCC and the  launch complex. 

Network Support  Team (NST) F a c i l i t y  - GSFC o p e r a t e s  
a Network Support  Team f a c i l i t y  l o c a t e d  a t  GSFC t o  
manage t h e  ope ra t ion  of t h e  MSFN s t a t i o n s  d u r i n g  a 
miss ion  . 
H u n t s v i l l e  Operat ions Support  Center  (HOSC) - The 
Marshall Space F l i g h t  Center  (MSFC) o p e r a t e s  t h e  
H u n t s v i l l e  Operat ions Support  Center .  The HOSC 
prov ides  t h e  launch complex and MCC w i t h  s p e c i a l i s t  
suppor t  i n  launch v e h i c l e  o p e r a t i o n s .  

3 .0  The F l i g h t  Cont ro l  Decis ion Process  

F l i g h t  c o n t r o l  a c t i v i t y  v a r i e s  w i t h  miss ion  p r o g r e s s .  
As l ong  as a f l i g h t  i s  nominal, f l i g h t  c o n t r o l  a c t i v i t i e s  con- 
s i s t  of  moni tor ing  miss ion  p rogres s  and a s s i s t i n g  the crew w i t h  
t h e  f l i g h t  p l a n .  For  s a f e t y  purposes ,  f l i g h t  c o n t r o l  r e n d e r s  
a GO/NO-GO d e c i s i o n  p r i o r  t o  e n t e r i n g  c r i t i c a l  phases  of a 
m i s s i o n .  These d e c i s i o n s  are based upon c r i t e r i a  e s t a b l i s h e d  
by the miss ion  r u l e s .  The d e c i s i o n  l o g i c  fol lowed by f l i g h t  

v e h i c l e  are s e p a r a t e d  i n t o  t w o  c a t e g o r i e s :  (1) parameters  
which a f f e c t  t h e  h e a l t h  and s a f e t y  of t h e  crew are des igna ted  

co i i t ro l  is diagrziiied ir; Figlire 1. Data inputs frm! t h e  space 



Bellcomm, Inc. 

POST FLIGHT DATA 

-4- 

IN FLIGHT 
DATA 

(!!EA1 TLME) - 

prime parameters, and ( 2 )  o t h e r  parameters which a f f e c t  t h e  
achievement of mis s ion  o b j e c t i v e s  are d e s i g n a t e d  secondary 
parameters. The real-time measured performance of the  prime 
parameters t o g e t h e r  w i t h  t h e  parameter h i s t o r y  i s  c o r r e l a t e d  
w i t h  c r i t e r i a  con ta ined  i n  the miss ion  r u l e s  and f l i g h t  p l a n .  
I f  a good c o r r e l a t i o n  e x i s t s ,  normal f l i g h t  i s  cont inued .  I'f 
there i s  no t  a good c o r r e l a t i o n ,  t h e  measured performance i s  
examined t o  determine i f  a p o t e n t i a l l y  c a t a s t r o p h i c  c o n d i t i o n  
e x i s t s .  I f  so ,  f l i g h t  a b o r t  a c t i o n s  are i n i t i a t e d  i n  accord- 
ance w i t h  t h e  mis s ion  r u l e s .  If the c o n d i t i o n  i s  of a non- 
c a t a s t r o p h i c  n a t u r e ,  it i s  s u b j e c t e d  t o  f u r t h e r  d i a g n o s i s .  
Other prime parameters, applicable secondary parameters, miss ion  
r u l e s ,  and i n p u t s  from bo th  t he  crew and f l i g h t  c o n t r o l  are 
used i n  t h e  d i a g n o s i s .  I f  it i s  found t h a t  an  o p t i o n  ( sys t em 
exped ien t )  i s  a v a i l a b l e  t o  circumvent t h e  e f f e c t s  o f  t h e  pro- 
blem, t h e  scheduled f l i g h t  i s  cont inued  u s i n g  e i the r  a pre-  
planned a l t e r n a t e  f l i g h t  p l an  o r  a new f l i g h t  p l a n  gene ra t ed  
i n  real-time. 

THE LOGIC OF FLIGI-IT CONTROL DECISIONS 

(FROM GEMINI MID-PROGRAM CONFERENCE, PART 1, REF. 1 9 )  

FIGURE 1 
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4 . 0  F l i g h t  Cont ro l  Funct ions  and A c t i v i t i e s  

Some of t he  func t ions  and a c t i v i t i e s  of f l i g h t  
c o n t r o l  du r ing  v a r i o u s  phases  of  a nominal miss ion  are g iven  
i n  the fo l lowing  s u b s e c t i o n s .  

4.1 Pre-Countdown Phase 

During t h e  pre-countdown phase,  f l i g h t  c o n t r o l  pro- 
v i d e s  t r a i n i n g  f o r  f l i g h t  c o n t r o l l e r  and G O S S  personnel .  T h i s  
a c t i v i t y  a l s o  serves t o  v e r i f y  mis s ion  r u l e s  and procedures ,  
and the  r e a d i n e s s  of t h e  G O S S  t o  suppor t  t h e  miss ion .  

4.2 Countdown Phase 

During t h e  countdown f o r  a s i n g l e  launch mis s ion ,  
f l i g h t  c o n t r o l  ass is ts  the  launch complex i n  the  checkout of  
v e h i c l e  systems. Base l ine  data f o r  use  du r ing  t h e  f l i g h t  i s  
c o l l e c t e d .  A GO/NO-GO recommendation f o r  launch i s  made t o  
t he  launch  complex dur ing  the t e r m i n a l  par t  of t h e  count .  
The  Launch D i r e c t o r  a t  t h e  launch complex i s  r e s p o n s i b l e  f o r  
t h e  f i n a l  GO/NO-GO recommendation f o r  launch.  T h i s  recommenda- 
t i o n  i s  based upon space veh ic l e  and G O S S  r e a d i n e s s  and recovery  
area weather cond i t ions .  

During t h e  countdown f o r  a d u a l  launch m i s s i o n , f l i g h t  
c o n t r o l  p rov ides  t h e  launch complex w i t h  t a r g e t  v e h i c l e  s t a t u s  
and t r a j e c t o r y  parameters .  Recommended launch windows and 
l aunch  t i m e s  are computed by f l i g h t  c o n t r o l  and passed t o  t h e  
launch  complex. Spacec ra f t  i n s t r u c t i o n s  t o  permit  rendezvous 
w i t h  the  target  v e h i c l e  a t  t h e  des i red  t i m e  and l o c a t i o n  are 
computed and t r a n s m i t t e d  t o  t h e  s p a c e c r a f t  computer and crew. 

4.3 Launch Phase 

F l i g h t  c o n t r o l  assumes c o n t r o l  of t h e  f l i g h t  fo l lowing  
l i f t o f f .  Performance and s t a t u s  of  space  v e h i c l e  s y s t e m s  and 
crew, and launch v e h i c l e  dynamics are  c l o s e l y  monitored. Tra-  
j e c t o r y  parameters and p r e d i c t e d  impact p o i n t ( s )  are computed 
and tes ted a g a i n s t  a c c e p t a b l e  l i m i t s .  Timing and sequencing 
o f  launch  e v e n t s  such as s t a g i n g ,  j e t t i s o n  of launch escape  
tower,  e t c .  are monitored.  Continuous vo ice  c o n t a c t  w i t h  t he  
crew i s  main ta ined  and t h e  crew i s  kept  a p p r i s e d  of  t he  monitored 
f l i g h t  c o n d i t i o n s  and f l i g h t  p rogres s .  

For  manned f l i g h t s ,  manual a b o r t  a c t i o n s  du r ing  t h e  
l aunch  phase can only be i n i t i a t e d  by the  crew o r  t h e  Range 
S a f e t y  O f f i c e r .  F l i g h t  con t ro l  can only  recommend o r  r e q u e s t  
a b o r t  a c t i o n .  During unmanned f l i g h t s ,  f l i g h t  c o n t r o l  and t h e  
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Range S a f e t y  O f f i c e r  have t h e  c a p a b i l i t y  of manually i n i t i a t i n g  
a b o r t .  Automatic a b o r t  a c t i o n s  can be i n i t i a t e d  du r ing  e i t h e r  
manned o r  unmanned f l i g h t  by  an onboard Emergency D e t e c t i o n  
System which r e a c t s  t o  space v e h i c l e  s e n s o r  in fo rma t ion .  Where 
a number of  a b o r t  modes are a v a i l a b l e ,  t h e  mode s e l e c t e d  i s  
con t ingen t  upon f l i g h t  p rogres s  and miss ion  r u l e s  c r i t e r i a .  

A t  the  end of  t h e  launch  phase ( i n s e r t i o n  i n t o  E a r t h  
o r b i t )  f l i g h t  c o n t r o l  renders  a GO/NO-GO d e c i s i o n  f o r  o r b i t  
based upon space v e h i c l e  t r a j e c t o r y  and systems s t a t u s , a n d  on 
crew s t a t u s  i n  accordance w i t h  c r i t e r i a  s p e c i f i e d  i n  t he  mis s ion  
r u l e s .  Recovery f o r c e s  and the  MSFN are updated on mis s ion  
p rogres s .  

4 . 4  O r b i t  Phase 

When i n  c o n t a c t  w i t h  t h e  space v e h i c l e ,  f l i g h t  c o n t r o l  
r e c e i v e s  real-time informat ion  v i a  the  MSFN. The t r a j e c t o r y  
and t h e  s t a t u s  and performance o f  t h e  space v e h i c l e  s y s t e m s  
and crew are determined and compared w i t h  t h e  b a s e l i n e  data 
and past h i s t o r y  t o  o b t a i n  a measure of f l i g h t  p r o g r e s s .  
Ass i s t ance  i s  provided t o  t h e  crew i n  t h e  e v a l u a t i o n  and check- 
o u t  of space  v e h i c l e  systems i n  o r b i t .  Maneuver parameters 
and r e t r o f i r e  t i m e s  f o r  planned recovery areas are computed 
and t r a n s m i t t e d  t o  t h e  crew, s p a c e c r a f t  computer, recovery  
f o r c e s ,  and the  MSFN. After e v a l u a t i n g  miss ion  p r o g r e s s  us ing  
t h e  l a t e s t  data a v a i l a b l e ,  f l i g h t  c o n t r o l  r e n d e r s  a GO/NO-GO 
d e c i s i o n  p r i o r  t o  i n i t i a t i n g  succeeding miss ion  segments 
r e q u i r i n g  major new commitments. 

Throughout t h e  miss ion ,  f l i g h t  c o n t r o l  u ses  c o l l e c t e d  
data t o  r e f i n e  computed va lues  and t o  es tab l i sh  t r e n d s  f o r  t h e  
more s i g n i f i c a n t  parameters. F l i g h t  p rogres s  i s  c a r e f u l l y  
reviewed and eva lua ted .  Data t o  be  t r a n s m i t t e d  t o  the space 
v e h i c l e  i s  prepared ,  v e r i f i e d  and d isseminated  t o  s e l e c t e d  
MSFN s t a t i o n s  i n  p r e p a r a t i o n  f o r  t r ansmiss ion  t o  t h e  space  
v e h i c l e  du r ing  a c o n t a c t  pe r iod .  

Should some anomaly be d e t e c t e d  dur ing  the  mis s ion ,  
f l i g h t  c o n t r o l  can e n l i s t  t h e  a i d  of teams of s p e c i a l i s t s  f o r  t h e  
a f f e c t e d  s y s t e m ( s )  t o  analyze t h e  problem and i t s  e f f e c t  on 
the  course  of  t he  miss ion .  Using t h e  recommendations of  t he  
s p e c i a l i s t  teams and i n p u t s  from t h e  s p a c e c r a f t  crew, f l i g h t  
c o n t r o l  r e n d e r s  d e c i s i o n s  on t h e  course  of t h e  remainder  of 
the f l i g h t .  If t h e  anomaly i s  p o t e n t i a l l y  c a t a s t r o p h i c ,  
f l i g h t  c o n t r o l  w i l l  r e a u e s t  t h e  crew t o  t e r m i n a t e  t he  f l f g h t  
a t  some planned recovery a rea .  I f  t h e  anomaly i s  not  poten-  
t i a l l y  c a t a s t r o p h i c ,  f l i g h t  c o n t r o l  w i l l  s e l e c t  e i t he r  a pre-  
p lanned  a l t e r n a t i v e  miss ion  o r  w i l l  gene ra t e  a new f l i g h t  
p l a n  f o r  t h e  remainder o f  t h e  miss ion  i n  real-time. 
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4.5 C r i t i c a l  Mission Phases 

Some miss ion  phases are cons idered  c r i t i c a l  from bo th  
a crew safety and a mission success  p o i n t  of view. 
inc lude  rendezvous w i t h  another  v e h i c l e ,  docking w i t h  ano the r  
veh ic l e ,  e x t r a v e h i c u l a r  a s t r o n a u t  (EVA) a c t i v i t i e s ,  and major  
p ropu l s ive  maneuvers. F l i g h t  c o n t r o l  d i r e c t s  and assists the  
crew dur ing  such c r i t i c a l  phases .  F l i g h t  c o n t r o l  i s  g e n e r a l l y  
i n  a be t te r  p o s i t i o n  than  t h e  crew t o  assess the  risks a s s o c i -  
a t e d  w i t h  these ope ra t ions  because it i s  l i k e l y  to have more 
detai led knowledge of t h e  s t a t u s  and performance of t h e  s y s t e m s  
of t h e  space v e h i c l e ,  more p r e c i s e  t r a j e c t o r y  informat ion ,  and 

These phases 

access  t o  

a. 

b .  

C .  

d .  

4.6 

a l a r g e r  and more- v e r s a t i l e  data p rocess ing  sys tem.  

The fo l lowing  a r e  examples: 

Rendezvous w i t h  another  v e h i c l e  - From t r a j e c t o r y  
measurements on b o t h  v e h i c l e s ,  f l i g h t  c o n t r o l  can 
compute t h e  maneuver(s) necessary  t o  achieve  t h e  
des i red  rendezvous i n  an optimum manner. 

Docking w i t h  another  v e h i c l e  - Having con tac t  
w i t h  bo th  veh ic l e s  enab le s  f l i g h t  c o n t r o l  t o  
determine the  s t a t u s  and performance of  t h e  
s y s t e m s  of bo th  veh ic l e s  and pe rmi t s  recommenda- 
t i o n s  f o r  docking o r  undocking o p e r a t i o n s .  

Ex t r aveh icu la r  a s t ronau t  a c t i v i t i e s  - F l i g h t  c o n t r o l  
has t h e  c a p a b i l i t y  of monitor ing t h e  biomedical  
s t a t u s  o f  t h e  EVA. P resen t  s p a c e c r a f t  instrumen- 
t a t i o n  does not  provide f o r  d i s p l a y  on board t h e  
s p a c e c r a f t  o f  EVA biomedical  data.  

Major p ropu l s ive  maneuvers - F l i g h t  c o n t r o l  monitors  
t h e  performance of  t h e  propuls ion  s y s t e m  dur ing  and/ 
or a f t e r  a propuls ive  maneuver, and determines t h e  
new t r a j e c t o r y ,  r e t r o f i r e  t imes,  and burn parameters  
f o r  planned recovery a r e a s .  

R e t r o f i r e  and Reentry Phases 

The l as t  powered f l i g h t  maneuver p r i o r  t o  r e e n t r y  
and recovery  from an E a r t h  o r b i t a l  miss ion  i s  the  r e t r o f i r e  
maneuver. T h i s  maneuver i s  perhaps t he  most c r i t i c a l  event  of 
t h e  f l i g h t  s i n c e  t h e  spacec ra f t  r e e n t r y  sequence r e q u i r e s  t h a t  
t h e  p ropu l s ion  module be j e t t i s o n e d  fo l lowing  t h e  t e r m i n a t i o n  
o f  t h e  r e t r o f i r e  burn.  This  l eaves  the  s p a c e c r a f t  w i t h  no 
major  t r a n s l a t i o n a l  c o n t r o l  c a p a b i l i t y  u n t i l  atmospheric r e e n t r y  
when t h e  combination of t h e  aerodynamic l i f t  v e c t o r  o f  t h e  
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s p a c e c r a f t  and the a t t i t u d e  c o n t r o l  system (used t o  o r i e n t  the  
l i f t  v e c t o r )  p rov ide  some degree of  cross-range and down-range 
c o n t r o l .  

F l i g h t  c o n t r o l  computes t h e  r e t r o f i r e  t i m e ,  burn 
parameters, and r e e n t r y  p r o f i l e  ( s p a c e c r a f t  l i f t  v e c t o r  o r i -  
e n t a t i o n  v e r s u s  t i m e )  f o r  t h e  s e l e c t e d  recovery  a r e a  and 
touchdown l o c a t i o n .  This update in fo rma t ion  i s  t r a n s m i t t e d  
t o  the  crew, computer, recovery f o r c e s ,  and t h e  MSFN. Follow- 
i n g  t h e  t e r m i n a t i o n  of the  r e t r o f i r e  burn,  f l i g h t  c o n t r o l  
recomputes the t r a j e c t o r y  and c o r r e c t s  t h e  r e e n t r y  p r o f i l e  i f  
necessa ry .  I f  i n  c o n t a c t  dur ing  t h e  r e e n t r y  phase, f l i g h t  
c o n t r o l  moni tors  r e e n t r y  even t s .  Con t ro l  of  t h e  f l i g h t  i s  
r e l i n q u i s h e d  t o  t he  Recovery D i r e c t o r  fo l lowing  touchdown. 

4.7 Summary o f  Nominal Func t ions  and A c t i v i t i e s  

Throughout a mission f l i g h t  c o n t r o l  moni tors  and 
e v a l u a t e s  space v e h i c l e  systems and crew s t a t u s  and performance. 
Both real-time and delayed data a r e  used i n  t h i s  e v a l u a t i o n .  
T r a j e c t o r y  parameters  are computed u s i n g  measurement data 
o b t a i n e d  du r ing  t h e  f l i g h t .  The computed t r a j e c t o r y  i s  f re-  
q u e n t l y  r e f i n e d  t o  o b t a i n  a "best f i t . "  R e t r o f i r e  times and 
burn parameters f o r  planned recovery  areas are computed and 
t r a n s m i t t e d  t o  the  s p a c e c r a f t ,  MSFN, and recovery f o r c e s  
throughout  t h e  mis s ion .  F l i g h t  c o n t r o l  r e n d e r s  a GO/NO-GO 
d e c i s i o n  f o r  e n t r y  i n t o  each segment o f  the  miss ion  r e q u i r i n g  
a major  commitment of r e s o u r c e s .  

Close l i a i s o n  i s  maintained between f l i g h t  c o n t r o l  
and t h e  crew. The crew i s  kept  informed of monitored s t a t u s  
and Performance of space v e h i c l e  s y s t e m s ,  weather c o n d i t i o n s  
i n  planned recovery a r e a s ,  and of miss ion  p r o g r e s s .  F l i g h t  
c o n t r o l  assists the  crew i n  t he  a n a l y s i s  of non-nominal con- 
d i t i o n s ,  management of r e sources  and t h e  sequencing and con- 
d u c t i n g  of  experiments .  Where necessa ry ,  f l i g h t  c o n t r o l  
d i r e c t s  t h e  crew i n  a l t e r n a t i v e  miss ion  p l a n  sequences.  
Through t h i s  c l o s e  l i a i s o n ,  f l i g h t  c o n t r o l  a l s o  he lps  to 
main ta in  crew morale .  

5 .0  F l i g h t  Con t ro l  Act ions i n  P a s t  F l i g h t s  

This s e c t i o n  d i scusses  a c t i o n s  t aken  by f l i g h t  c o n t r o l  
d u r i n g  past f l i g h t s  of t he  Mercury, Gemini, and Apollo programs 
i n  response  t o  non-nominal c o n d i t i o n s .  The emphasis i n  t h i s  
s e c t i o n  i s  on real-time a l t e r a t i o n  of f l i g h t  p l a n s  and handl ing  
of cont ingency s i t u a t i o n s ;  however, as d i scussed  i n  the  p rev ious  
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s e c t i o n ,  f l i g h t  c o n t r o l  has  many o t h e r  f u n c t i o n s  t ha t  may be 
r o u t i n e ,  bu t  are h i g h l y  important  t o  t h e  s u c c e s s f u l  completion 
o f  even a nominal miss ion .  

Some of  t h e  major problems t h a t  have occurred  i n  past  
manned space f l i g h t  miss ions  through Apollo 5 are l i s t e d  i n  
Table 1 along w i t h  t h e  r e s u l t i n g  f l i g h t  c o n t r o l  response  if 
a p p l i c a b l e .  

I n  some of these problems, f l i g h t  c o n t r o l  was 
no t  i n  a p o s i t i o n  t o  provide real-time a s s i s c a n c e .  A no te-  
worthy example was t h e  Gemini VI11 f l i g h t .  During t h i s  miss ion ,  
one of t h e  Gemini s p a c e c r a f t  t h r u s t e r s  s t u c k  open while t h e  
s p a c e c r a f t  was docked w i t h  i t s  Agena t a r g e t  v e h i c l e .  T h i s  se t  
up h igh  r o l l  and yaw rates,  which became even more pronounced 
a f t e r  t h e  crew s e p a r a t e d  f rom t h e  Agena. A l l  t h i s  a c t i v i t y  
happened whi l e  ou t  of contac t  w i t h  f l i g h t  c o n t r o l  and t h e  crew 
was on i t s  own i n  a t tempt ing  t o  b r i n g  t h e  s p a c e c r a f t  under con- 
t r o l .  The crew had no d i r e c t  i n d i c a t i o n  of  where t h e  mal func t ion  
might be, as f l i g h t  c o n t r o l  would have had v i a  t e l eme t ry  i f  t h e  
space v e h i c l e  were i n  l i n e  of  s i g h t  of  an MSFN s t a t i o n .  There 
had been some anomalies w i t h  t h e  Agena r e p o r t e d  e a r l i e r  i n  t he  
f l i g h t ,  and t h i s  may have caused the  crew a t  f i r s t  t o  suspec t  
an Agena mal func t ion .  

There have been o the r  i n s t a n c e s  when a s p a c e c r a f t  was 
i n  c o n t a c t  w i t h  t h e  MSFN and f l i g h t  c o n t r o l ,  bu t  t he  crew w a s  i n  
a be t te r  p o s i t i o n  t o  diagnose the  problem and take c o r r e c t i v e  
a c t i o n .  I n s t a n c e s  of t h i s  na tu re  occurred;  f o r  example, w i t h  
t h e  a t t i t u d e  c o n t r o l  problem on MA-6 and t h e  s u i t  t empera ture  
c o n t r o l  problem on MA-8. 

The p r i n c i p a l  a r eas  of f l i g h t  c o n t r o l  a s s i s t a n c e  i n  
overcoming problems i n  manned f l i g h t s  t o  date  have been i n  t he  
d i a g n o s i s  and c o r r e c t i o n  of complex mal func t ions  and t h e  r e a l -  
t i m e  a l t e r a t i o n  of  f l i g h t  p l ans .  Botn t y p e s  of a s s i s t a n c e  were 
w e l l  i l l u s t r a t e d  i n  the  Gemini V f l i g h t .  A f u e l  c e l l  mal func t ion  
e a r l y  i n  t he  planned e i g h t  day  f l i g h t  t h r e a t e n e d  premature t e r -  
mina t ion  of t h e  miss ion  and f a i l u r e  t o  m e e t  most of t h e  miss ion  
o b j e c t i v e s .  F l i g h t  c o n t r o l  conducted e x t e n s i v e  ana lyses  of the  
f u e l  c e l l  problem whi le  t h e  f l i g h t  was i n  p rogres s .  They were 
ass is ted by t e l e m e t r y  d a t a  and a team of f u e l  c e l l  e x p e r t s .  
Although t h e  problem w a s  never f u l l y  c l a r i f i e d  du r ing  t h e  
flight, efi~ilgh knowledge was ga ined  t o  pern,i t  con t inua t ion  of 

i n c r e a s e d ,  t he  f l i g h t  p l a n  was r e v i s e d  t o  pe rmi t  c a r r y i n g  ou t  
some of t he  planned experiments.  The crew would no t  have been 
able  t o  have diagnosed and co r rec t ed  t h i s  problem by themselves  
s i n c e  they  had n e i t h e r  t he  te lemetered  informat ion  a v a i l a b l e  t o  

the flight with n,cnfideflce. As f u e l  c e l l  PQWPP c\utput gTad- lJa l ly  
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f l i g h t  c o n t r o l  no r  the e x p e r t i s e  a v a i l a b l e  from the f u e l  c e l l  
s p e c i a l i s t s .  I n  a d d i t i o n ,  t hey  had a f u l l  t i m e  t ask  i n  con- 
t r o l l i n g  t h e  s p a c e c r a f t .  

Examples of  real-time f l i g h t  p l a n  a l t e r a t i o n  occurred  

Gemini I X - A ' s  f l i g h t  
i n  t h e  l a s t  f o u r  Gemini miss ions ,  every  one of which d e v i a t e d  
from the nominal i n  s i g n i f i c a n t  r e s p e c t s .  
p l a n  was altered when a shroud cover ing  the  t a r g e t  v e h i c l e  
fa i led t o  s e p a r a t e  i n  o r b i t .  
f a t i g u e  problems were encountered i n  Gemini IX-A and X I .  High 
f u e l  usage dur ing  rendezvous handicapped Gemini X.  D i f f i c u l t y  
w i t h  t h e  Agena p ropu l s ion  s y s t e m  l e d  t o  d e l e t i o n  o f  a second 
Agena burn  dur ing  Gemini X I I ,  and a non-preplanned as t ronomica l  
experiment  was s u b s t i t u t e d .  A l l  o f  these miss ions  m e t  subs tan-  
t a i l l y  a l l  of  t h e i r  ob jec t ives ,  a l though none could  be c l a s s e d  
as nominal. 

Unexpected e x t r a v e h i c u l a r  a s t r o n a u t  

During unmanned miss ions ,  f l i g h t  c o n t r o l  c a p a b i l i t y  
t o  command t h e  s p a c e c r a f t  i s  t h e  only way miss ion  o b j e c t i v e s  
can be achieved  i f  s i g n i f i c a n t  mal func t ions  occur .  T h i s  
happened i n  t h e  MA-5 and Apollo 5 f l i g h t s .  During MA-5 ( w i t h  
the  chimpanzee, Enos, on boa rd ) ,  an  a t t i t u d e  c o n t r o l  problem 
t h r e a t e n e d  t o  d e p l e t e  a l l  t h e  r e a c t i o n  c o n t r o l  s y s t e m  f u e l  
b e f o r e  the  t i m e  p lanned f o r  r e e n t r y .  A s  a r e s u l t ,  t h e  f l i g h t  
was t e rmina ted  one r e v o l u t i o n  ear ly .  A premature shutdown of 
the f i rs t  burn o f  the  descent  propuls ion  engine  on t h e  Apollo 5 
mis s ion  t h r e a t e n e d  t h e  ca r ry ing  ou t  of  t h e  remaining programmed 
burns  and " f i re - in- the-hole"  s t a g i n g  demonst ra t ion .  
c o n t r o l  t r a n s m i t t e d  back-up command sequences t o  t h e  s p a c e c r a f t  
t o  permit t h e  s u c c e s s f u l  completion of these even t s .  

F l i g h t  

Appendices A ,  B ,  and C show planned and a c t u a l  
mi s s ion  f l i g h t  p l a n s  i n  block diagram form f o r  Mercury f l i g h t s  
MA-5 through MA-9, Gemini f l i g h t s  G-IV th rough G - X I I ,  and Apollo 
f l i g h t s  4 and 5 ,  r e s p e c t i v e l y . *  

6 . 0  Summary 

e v a l u a t e  and d i r e c t  t h e  progress  of a miss ion  w i t h i n  t h e  frame- 
work of crew s a f e t y  and miss ion  success  c r i t e r i a .  Curren t  f l i g h t  
c o n t r o l  concepts  have evolved from Mercury t o  t h e  p r e s e n t  as a 
consequence o f :  

The p r i n c i p a l  func t ions  of  f l i g h t  c o n t r o l  are t o  

* 
The Gemini block diagrams were t aken  from t h e  i n d i v i d u a l  

Gemini miss ion  r e p o r t s  and are g e n e r a l l y  more de ta i led  than  t h o s e  
f o r  Mercury and Apollo.  The Mercury and Apollo b lock  diagrams 
were developed by t h e  au tho r s  based on pub l i shed  data. 
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a. 

b .  

C .  

d. 

f l y  more 
i n  t h e i r  

Greater informat ion  t r a n s f e r  c a p a b i l i t y  between 
t h e  space v e h i c l e  and t h e  ground, and from p o i n t -  
to -poin t  on the  ground. 

More s o p h i s t i c a t e d  and more e f f i c i e n t  computer 
and data process ing  systems on t h e  ground and i n  
the space v e h i c l e .  

Inc reased  knowledge and conf idence  i n  man's 
a b i l i t y  t o  e x i s t  and t o  f u n c t i o n  e f f e c t i v e l y  
i n  a space environment. 

Development of mature f l i g h t  c o n t r o l  and 
a s t r o n a u t  teams w i t h  p a s t  exper ience  t o  draw 
upon. 

T h i s  system of f l i g h t  c o n t r o l  has enabled  us  t o  
advanced miss ion  sooner  and w i t h  g r e a t e r  conf idence  
success .  

The p r e s e n t  concepts of  ground-based f l i g h t  c o n t r o l  
w i l l  d o u b t l e s s  cont inue  t o  b e  used due t o  t h e  r e s e a r c h  and 
development n a t u r e  o f  t h e  miss ions  and t h e  space v e h i c l e s ,  and 
t h e  l i m i t a t i o n s  of t h e  space v e h i c l e  i n s t r u m e n t a t i o n  and t h e  
crew work load  c a p a b i l i t y .  I n  t h e  f u t u r e ,  i f  space  v e h i c l e s  
become o p e r a t i o n a l  ra ther  than  R&D v e h i c l e s ,  it may be p o s s i b l e  
f o r  them t o  o p e r a t e  as r e l a t i v e l y  autonomous e n t i t i e s  i n  a 
manner similar t o  t o d a y ' s  commercial a i r c r a f t  w i t h  ground con- 
t r o l  and guidance be ing  used f o r  purposes  of " t r a f f i c  c o n t r o l . "  
However, f o r  t h e  p r e s e n t  and f o r s e e a b l e  fu tu re ,  ground-based 
f l i g h t  c o n t r o l  i s  expected t o  p rov ide  t h e  p r i m a r y  miss ion  
d i r e c t i o n  and c o n t r o l ,  a l though,  o f  course ,  t h e  crew has t h e  
f i n a l  r e s p o n s i b i l i t y  f o r  a c t i o n s  t aken  on board t h e  space v e h i c l e .  

J .  E .  Johnson 

-ew J E J  2034-HK 



. * .  . .. 
I 

I 
i L3 

U 
z w 
3 e w 
m 

- k  
P; 
E z w w 
0; 

w u z w 
t3 
Z;  
H 
E z 
0 u 
PI 
3 

E w 
X v l  

Z; 
0 
H 
E 4  u 4  z z  
3 0  
L H  
dco 
4 
E *  
0 

d d  
on4 P = w  
z 
or3  u 4  
w 
n a  s z  
E H  

E %  
E 4  
4 4  

~n 

m 

~n 

E 
(/3 
H 
4 
?c u w 
X u 
k 
P; 
E 
2 w w 
P; 

cl z 
4 

0 
U 
E w rr: 

w cn 
H 
3 w 
U 

a 

E w 
E 
vl * 
v) 

P; w 
z = m  
0 2  
P I 0  

H 
4!3 
4 0  u z  
H 3  
UFrt 
E 4  u 4  
W E  
4 w 

z 
0 
H 
E 
4 
3 
E 
H cn 
0 
E 

5 w 
P; u 

w 
E rr: w 
d 
4 

n 

2; 
0 
H 
I3 
!& 
E 
3 cn z 
0 
U 

4 w 
3 
G 

!i2 
H 
vl rn w 
V 
X w 

k 
I4 
P; 
4 w 
E 
X 
t3 
H 
d 
kl 

n w 
E 
4 z 
H 

w 
E 

2 

z 
0 
H 
E u 
z 
3 
!& 
4 
4 
Ez 
4 
0 
P; 
E z 
0 u 
w 
3 
E 
H 
E 
E 
4 

n 

w 
vl 
Z;  
0 
pc 
vl w 
U 
4 
0 
P; 
E z 
0 u 
E x 
0 
H 
d 
L 

w 
4 
0 
lz 
n4 

I% 
0 

a 

* k  
U P ;  z 4  w c o  
oco z w  
H U  l 3 w  
2 %  
0 

w 
w d  
En4 
un4 w 3  
d v )  w 

X v )  

u n  
n~ 

z 
0 z 

4 
d 
c4 

E 
X 
c!s 
H 
I4 
Frc 

w 
P; w 
E 
4 
4 

n 

2 
0 
H 
E 
PI 
E 
3 co z 
0 u 
d 
W 
3 
L 

!2 
H 
v) co w u 
X w 

H 
CQ 
ul 
H 
E 
z 
0 

E u < 
n4 
E 
H 

lk 
0 

* 

d 
0 
P; 
E z 
0 u 
w 
P= 
3 
E 
4 
P; w 
n4 
E w 
E 
E 
H 
3 
v) 

* 

rr: w 
5 
0 
PI 

P; w 
E z 
2 
d 
0 

2 
0 u 
G 
0 

cn 
vl 
0 
d 

H 

w 
d 

4 
E+ 

a w m z 
0 
H 

z 
0 
Pi  
crl w 
II= 

p: w E u 
62: 
E 3  
4 G  
nl4 l-2 

0 
II= 
E z 
0 u 

x 
E U  
c o 3  
O E  
d c o  

H H 
H 

H H  
3 3  
o c 3  I I  



m zz w 
Id 

0 
P; 
PI 

a 

4 
0 
0; 
E z 
0 u 
E 
X 
0 
H 
4 

H rn 

E E+ 
X X 
b a 
H H 
4 4 
kl R 

w w 
P; U w W 
D E 
4 d 

R *  4 4 

n n 

vi i E '  w 
Cll a 
0 
P; 
PI 

R 
0 
W 
P; 
3 
E 
4 z 

H z 
P; 
0 
5 
4 
EZ 

W 
m 
z 
0 
PI 
m 
W 
P; 

2 
4 
d 
PI 

4 z 
W 
0 
4 

E 
m 
0 
c-7 

W 
D 
4 
P= 
4 

zc4 o w  
E m  
c4 
4 0  

4 

o w  
zc-7 
H H  
x 4  
O R  
0 

3 
D O  
W E  
c3x 
P ; m  
4 
E-c 

n e  
n 

n o  

E 0  3 z  
4 H  
Z O  
0 0  
E O  
E-cR 
m 
4P ;  
0 

E m  

3 u -  
H W  x 3  
W 0  
> H  
4 E  
P ; 4  
E R  
X 
W 

3Y. 

z 
4 
d 
PI 

E-c 
X a 
H 
d 
kl 

w 
P; w 
E 
4 
4 

n 

w 
0 
4 
Vl 
3 

c-7 
W 
3 
R 

w 
3 
H 
m 
m 
W u 
X 
W 

x 
I 
0 

* 

E 
4 
c-7 

H 
X w 
P; 
E 
X 
W E +  z 4 w  4 z  
H d  
E H  
2 4  
4 E  
E P ;  r n 3  
3 
rn 

s 
s 

m u  

4 
z w a 
4 

z 
0 

4 
E 
4 
CI 
c-7 
4 z 
0 
H 
D 
H 

4 

W 
H 

P; 
PI 

n n 

n 
n 

z 

I 
4 
4 
E 
z 
0 
H 
E 
4 
E+ z w 
E 
3 
P; 
E 
m z 
H 

4 
z 
W 
0 

H 
X 
I 
c3 

w 
* m  w 4  

m x  
4P I  
X 
P I W  

m 
w p - 1  
W H  
- 4  o u  
P I W  
4 
t o  x w  
O E  
H 3  
x E  

H 

m m  
w 3  
4 m  
W 

nE+ 

~m 

n 

z 
0 
H 
ul 
4 
3 
PIz 
0 0  
Z H  
DIE u 
4 z  
2 3  wl% 
0 4  
4 4  

E 
W E  E + w  
U E  w m  
P I *  
m r n  
3 
m 

n 

H 
H 
X 
I 
b 

z 
4 
c-7 
PI 

E x 
0 
H 
c-7 
I% 

o w 
P; 
W 
E 
c-7 
4 

z 
0 
H rn 
I i  
5 
PI 
0 
P; 
PI 

E z w u 
m w n 
W 
P; 
3 
E+ 
4 z w 
P; 
PI 

Ln 
I 
4 

0 
c-7 
d 
0 
al 
- 1  

rz 
5 
0 

!3 
3 
iz rn 

n 

z 
W 
E 
m 
?+ 
w 

a 
0 
H rn rn 
H 
E 
z 
0 
E+ u 
4 
P-4 
EZ 
H 

R 
0 

z 
H 

P-4 
w w 
pr; 

4 
0 
P= 
E z 
0 u 
E 
x 

E z 

H 
UI 

C z * 

H 

w 
I4 
m 
4 
E 



BIBLIOGRAPHY 

1. R e s u l t s - o f  t h e  F i r s t  United S t a t e s  Manned S u b o r b i t a l  
Space F l i g h t ,  June 6 ,  1 9 6 1 ,  NASA. 

2 .  R e s u l t s  of t h e  F i r s t  United S t a t e s  Manned O r b i t a l  Space 
F l i g h t ,  February 20, 1 9 6 2 ,  NASA. 

3. R e s u l t s  of t h e  Second United S t a t e s  Manned Orbital Space 

4 .  

F l i g h t ,  May 24, 1962, NASA SP-6. 

R e s u l t s  o f  t h e  Thi rd  United S t a t e s  Manned O r b i t a l  Space 
F l i g h t ,  October 3, 1962 ,  NASA SP-12. 

5. Mercury P r o j e c t  Summary Inc lud ing  R e s u l t s  o f  t h e  Fourth 
Manned O r b i t a l  F l i g h t ,  May 15-16, 1962, NASA SP-45. 

6 .  This  New Ocean, NASA SP-4201. 

7.  Gemini Mission Report ,  Gemini 11. 

8.  Gemini Mission Report ,  Gemini 111. 

9 .  Gemini Mission Report ,  Gemini I V .  

1 0 .  Gemini Mission Report ,  Gemini V. 

11. Gemini Mission Report ,  Gemini V I .  

1 2 .  Gemini Mission Report ,  Gemini V I  A .  

13 .  Gemini Mission Report ,  Gemini V I I .  

1 4 .  Gemini Mission Report ,  Gemini V I I I .  

15.  Gemini Mission Report ,  Gemini I X  A.  

1 6 .  Gemini Mission Report ,  Gemini X .  

17 .  Gemini Mission Report ,  Gemini X I .  

18 .  Gemini Mission Report ,  Gemini X I I .  

1 9 .  Gemini Mid-Program Conference, Par t s  I and 11, February 23-25, 
1966. 

20 .  Gemini Summary Conference, February 1 -2 ,  1967,  NASA SP-138. 

2 1 .  F l i g h t  Opera t ions  Planning and P r e p a r a t i o n  f o r  Manned O r b i t a l  
Missions,  by J .  H .  Boynton and C .  C .  Kraft ,  Jr .  A I A A  Paper 
No. 66-904, A I A A  Thi rd  Annual Meeting, November 29  - December 
2 ,  1 9 6 6 .  



. -. . .  . .  

- 2 -  

22.  Manned Spacec ra f t :  Engineering Design and Operat ion,  
e d i t e d  by P. E. Pu r se r ,  M. A .  Fage t ,  N .  F. S m i t h ,  
F a i r c h i l d  P u b l i c a t i o n s ,  I n c . ,  1 9 6 4 .  

23. Apollo 5 Three-Day Report. 

24 .  Apollo 5 Ten-Day Report .  

25. Apollo Mission Sequence Plan,  Bellcomm, I n c . ,  TR-65-214-1, 
September 30, 1965. 



. .  . .  
APPENDIX A 

P r o j e c t  Mercury Flights 

f l i g h t s  conducted i n  P r o j e c t  Mercury are summarized below: The 

Des igna t ion  

MA-1 

Launch Date 

7/29/60 

C r e w  - 
Unmanned 

Type 
S u b o r b i t a l  

Remarks I 

S t r u c t u r a l  f a i l u r e  
du r ing  launch .  
Vehicle  des t royed  

11/21/60 S u b o r b i t a l  Shut down immediately MA-1 Unmanned 
a f t e r  l i f t  - o f f  

12/19/60 

1 / 3 / 6 1  

S u b o r b i t a l  

Sub o r b i t  a1 

MR-1A 

MR-2 

Unmanned 

Chimpanzee Spacec ra f t  a lmost  
sank 

2/21/61 

4/25/61 

Sub o r b i t  a1 

Orb i t  a1 

MA-2 

MA-3 

Unmanned 

Unmanned Guidance s y s t e m  
f a i l u r e  du r ing  
launch.  Boos ter  
des t royed ,  space-  
c r a f t  recovered  

Suborbi t  a1 

S u b o r b i t a l  

MR- 3 

MR-4 

5 /5 /61  

7/21/61 

Shepard 

Grissom Spacec ra f t  sank ,  
a s t r o n a u t  recovered  

MA-4 

MA-5 

9/13/61 

11/29/61  

Unmanned 

Chimpanzee 

O r b i t  a1 

O r b i t a l  

1 r e v .  

3 r ev .  planned,  
2 ach ieved .  

MA-6 

MA-7 

MA-8 

MA-9  

2/20/62 

5/24/62 

O r b i t a l  

O r b i t a l  

3 r e v .  Glenn 

Carpenter  3 r e v .  , l a n d i n g  
overshot  

6 r e v .  10/3/62 

5/15/63 

O r b i t a l  

O r b i t a l  

S c h i r r a  

Cooper 22  r e v .  

Block diagrams of the f l i g h t  p l a n s  and a c t u a l  f l i g h t s  for 
m i s s i o n s  MA-5 through MA-9 are shown i n  F i g u r e s  A - 1  through A - 5 .  
These have been developed by t h e  a u t h o r s  based on pub l i shed  data .  



APPENDIX B 

Gemini F l i g h t s  

The f l i g h t s  conducted i n  t h e  Gemini Program are 
summarized below: 

D e s i g n a t i o n  

G - I  

G - I 1  

G - I 1 1  

G-IV 

G-V 

G-VI 

G-VI1  

G-VIA 

G - V I 1 1  

G - I X  

G - I X A  

G-X 

G - X I  

G - X I 1  

Launch Date 

4/8/64 

1/19/65 

3/23/65 

6/3/65 

8/21/65 

10/25/65 

12/4/65 

12/15/65 

3/16/66 

5/17/66 

6/3/66 

7/18/66 

9/12/66 

11/11/66 

C r e w  

Unmanned 

Unmanned 

Grissom 
Young 

McDivi t t  
White 

Cooper 
Conrad 

S c h i r r a  
S t a f f  o r d  

Borman 
L o v e l l  

S c h i r r a  
St af f o r d  

A r m s  t rong  
S c o t t  

- 

Sta f f  o r d  
Cernan 

S t a f f o r d  
Cernan 

Young 
C o l l i n s  

Conrad 
Gordon 

L o v e l l  
A l d r i n  

6 4  r e v s .  

S u b o r b i t a l  

3 r e v s .  

4 days,  e x t r a - v e h i c u l a r  
a c t i v i t y  (EVA) 

8 days  

Cance l l ed  a f t e r  Agena 
t a r g e t  v e h i c l e  w a s  l o s t  

1 4  days E x t r a  Veh icu la r  
A c t i v i t y  (EVA) 

1 day,  rendezvous w i t h  
G-VI 

Planned 3 day m i s s i o n  cur -  
t a i l ed  a t  1 4  hour s  due to 
c o n t r o l  s y s t e m  m a l f u n c t i o n s .  
Rendezvous and docking 
ach ieved .  

Cance l l ed  a f t e r  Agena 
t a r g e t  v e h i c l e  was lost 

3 d a y s ,  rendezvous w i t h  
Agena Target  Docking 
Adaptor ( A T D A ) ,  EVA 

3 days ,  rendezvous and 
docking,  EVA 

3 days ,  rendezvous and 
docking,  EVA 

4 days ,  rendezvous and 
docking,  EVA 
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APPENDIX B 

Block diagrams o f  the f l i g h t  p l a n s  and a c t u a l  f l i g h t s  
f o r  mis s ions  G-IV t h rough  G - X I 1  are shown i n  F i g u r e s  B-1 
th rough B-9. These have been t a k e n  from t h e  Gemini m i s s i o n  
r e p o r t s  . 

k 
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APPENDIX C 

Apollo F l i g h t s  

The Apollo f l i g h t s  reviewed are summarized 
below: 

Des igna t ion  

AS-501 
(Apollo 4 )  

AS-204L 
(Apollo 5 )  

Launch Date C r e w  Remarks 

11[9/67 Unmanned 2+ r e v  w i t h  S-IVB 
r e s t a r t ,  CSM only 

1/22/68 Unmanned 8 h r s . ,  LM only, 
no recovery  

Block diagrams of t he  f l i g h t  p l a n s  and a c t u a l  f l i g h t s  
f o r  mis s ions  Apollo 4 and Apollo 5 are shown i n  F i g u r e s  C-1 
and C-2. These were developed by t h e  a u t h o r s  based on pub l i shed  
data. 
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